Abstract. The output powers of photovoltaic (PV) system are crucially depending of the two variable factors, which are the cell temperatures and solar irradiances. A method to utilize effectively the PV is known as a maximum power point tracking (MPPT) method. This method is extract the maximum available power from PV module by making them operates at the most efficient output. This paper presents Radial Basis Function (RBF) Network to control the MPPT of PV system. The performances of the controller is analyzed in four conditions with are constant irradiation and temperature, constant irradiation and variable temperature, constant temperature and variable irradiation, and variable temperature and irradiation. The proposed system is simulated by using MATLAB-SIMULINK. According to the results, RBF controller has shown better performance during partially shaded conditions.
Introduction
PV power generation systems have intensively been investigated as an environment-friendly technology since 1970s because of their advantages of infinite energy resources and no carbon dioxide (CO 2 ) emission [1] . Furthermore, it is crucial to operate PV energy conversion systems near maximum power point (MPP) in order to increase the output efficiency of PV [2] . Nevertheless to obtain the MPP required a method to let the controller operate at the mentioned optimum operating point. Hence, many tracking control technique have been developed and implemented. The most common techniques that have been used are such as HillClimbing/Perturb and Observe, constant voltage, neural network and fuzzy logic [3] [4] [5] [6] [7] [8] . At the same time, these techniques have some drawback such as fail to track MPP during partially shaded, low irradiance conditions, costly and due to system complexity.
The primary purpose of this project is to design the optimum controller based on RBF network to track the MPP of photovoltaic system. This is due to the PV can't effectively produce the MPPT in certain time especially during shading condition and has been identified as a main cause for reducing energy yield of many PV. There have many reason lead to the PV array had be shaded, for instance; from buildings, trees, chimneys and the dust or dirt on the module's surface. Furthermore, another threat lead to non-uniform irradiance is cloudy day. This factor is unavoidable issue. During the cloudy day, the non-uniform irradiance lead to more complicated current-voltage (I -V) and power-voltage (P -V) with multiples local MPP. Consequently, it is essentially to develop a suitable MPPT controller to solve this issue.
The technique used to design the controller is by using RBF. A RBF network is feed-forward network trained using a supervised training algorithm, which is typically configured with a single hidden layer of units whose output function is selected from a class of functions called basis functions [9] . To measure performance of this network, MATLAB/SIMULINK software is used to analysis the MPPT for PV system.
To sum up, this project is to analyze and compares the simulation result of RBF network in four conditions with are constant irradiation and temperature, constant irradiation and variable temperature, constant temperature and variable irradiation, and variable temperature and irradiation.
Methodology
There are several things should be considered in development of this project. Methodology is a process that has to be followed when analyzes data and designing a project. The process includes the method, technique, and the tools/equipments/software that have been used in this project. PV Model. Simulation tools provide the opposite view to the design tools. The user specifies the nature and dimensions of each component and the application provides a detailed analysis of the characteristics of the system. The accuracy of calculations and the simulation time required varies depending on the level of detail required and the type of data provided. They are used to verify the sizing of the system and investigate the impact of future changes in the systems being simulated.
In the first place is to describe the solar panel which constitutes the main source of power for the whole photovoltaic installation. The equivalent model of the electrical circuit is used as the main element of the panel which formed by a current source that depends on the solar radiation in W/m2, temperature in Celsius degrees (T), a shunt diode whose intensity of inverse saturation in series depends on the temperature and a resistance (RS), which represents the effect of the internal resistance of each solar cell and the contacts of the generator as it is.
The equation is solved by designing a program in MATLAB, taking into account the number of solar cells which has the photovoltaic panel. The main equation is shown as in Eq. (1):
(1) where, Tak is working temperature and Iph T1 is photocurrent at the working temperature. The T1 can be calculated by substitute the Eq. (2) into Eq. (1)
a is the ratio of short circuit current at T1 and the short circuit current at T2, can be calculated using Eq. (3)
with Isc T1 is current of short circuit at temperature T1and Isc T2 is current of short circuit at temperature T2.
The saturation current is show in eEq. (4), whereby b is equal to
Vg is diode voltage which is equal to 1.12 eV for crystalline Silicon <1.75 for amorphous silicon. The photocurrent Iph is directly proportional to solar radiation IRA which taking into account a constant of proportionality, according to the Eq. (2). The terms of reference are: solar radiation (IRA = 1 sun = 1000 W/m2), atmospheric mass (AM=1.5) and temperature (T = 25 °C ).
The relationship between the photocurrent and the temperature is linear, according to the Eq. (1) and follows from the variation of photocurrent with temperature variation. When the panel is short circuited and illuminated, the photocurrent flows in it's entirely by the diode. The value of reverse saturation current Ir to 25 °C was calculated from the short circuit current and open circuit voltage at this temperature as shown in Eq. (3) [10] . Finally the value of diode ideality factor A is referring to the data appears in the specifications sheets and is provided by the manufacturer. In this project the Solarex MSX -60 photovoltaic module is used for research. The Typical Electrical Characteristics of MSX -60 PV modules are in Table 1 . MPPT Algorithm using RBF. All the MPPT algorithms are designed to dynamically extract the maximum power from the PV panels. Usually, the condition ∂p/∂v = 0 is adopted to locate this operating point, since PV panels show a unique global MPP. The MPPT algorithms are based on the determination of the slope of the PV panel's output power versus voltage, i.e., the power derivative ∂p/∂v. This quantity is utilized as representative of the "voltage error", i.e., the difference between the actual voltage of the PV panels and the reference voltage v* corresponding to the MPPT. In the region nearby v* the power derivative can be considered a straight line having the slope k. In order to determine the power derivative ∂p/∂v it is necessary to introduce a voltage and current perturbation around any operating point of the PV array. Traditional MPPT algorithms are based on "perturbation and observation" method or "incremental conductance" method [11] . In this research, perturb and observe (P&O) method have been chosen to assist the RBF in order to find MPP during partial shading.
On the other hand, RBF has several advantages, one of which is that it usually trains much faster than other network. RBFN is less susceptible to problems with non-stationary inputs because of the behavior of the RBF on hidden units. The input layer consists of source nodes (input data), whose number is equal to the dimension n of the input vector u. The second layer is the hidden layer, which composes nonlinear functions that are connected directly to all of the nodes from the input layer. For RBF, the connection between input and a hidden layer is determined by using distance weight before it proceeds to the 'radbas' of a nonlinear function. The training process for RBF network is simple. Once the error goal is set, the training will start until the error goal is met, then the numbers of hidden nodes are confirmed. After this process, the output layer is obtained by simply applying the 'purelin' function between a hidden layer and an output layer. In this study, mean square error goal (goal), spread of radial basis functions (spread), maximum number of neurons (mn), and the number of neurons to add between displays (df) are 1E-12, 0.01, 200, and 20 respectively. The proposed RBF controller is shown as in Fig. 2 . 
Results and Analysis
The performances of perturb & observe (P&O) and RBF controllers are analyzed in four conditions: 1)
Constant irradiation and temperature 2)
Constant irradiation and variable temperature 3)
Constant temperature and variable irradiation 4)
Variable temperature and variable irradiation The metrics that are used to measure the performance are the maximum power, voltage and current achieved by the solar panel and the time for the controller to reach MPP.
Comparison of Temperature and Irradiation Effects on P&O versus RBF Controller Algorithm.
From the Table 2 , it can be seen that the P&O and RBF controller shows almost the same results to reach the MPP. In the case of constant irradiation and temperature and constant irradiance and variable temperature for both of the controllers are give almost the same values of maximum power, voltage and current but slightly different values of the time taken. In the case of variable irradiation and constant temperature, the maximum power of the RBF controller is obviously higher than the P&O algorithm. RBF network gave 57.43 W compared with P&O controller with only 7.695 W. These results prove that RBF network is better than P&O during normal condition (without partial shading). Table 3 have shown the P&O and RBF controller in two different stages. Which, the inputs for these two controllers are analyzed by the two categories variance irradiance and temperature which called switch 1 and switch 2. Switch 1 is represented normal irradiance which is sunny day. On the other hand, switch 2 is represented partially shaded conditions. For case 1, both of the controllers are turned to switch 1. The result for the maximum power of the RBF controller is higher than the P&O controller. The RBF controller is able to reach the MPP within 0.8 seconds for a maximum power of 36.87 W. In contrast, when the switch is turned to switch 2, the maximum power of RBF controller is still higher than the P&O controller. These results show the RBF network gave good performance during normal and partial shading condition. 
Conclusion
This paper has presented model of PV module and the development of the MPPT techniques. The performances of the controllers are analyzed in four conditions which are constant irradiation and temperature, constant irradiation and variable temperature, constant temperature and variable irradiation and variable temperature and variable irradiation. The proposed system is simulated by using MATLAB-SIMULINK. Based on the simulation result, the project is successfully achieving the objective.
From the simulation result, RBF controller has shown the better performance than P&O controller during normal and partial shading. The maximum power for RBF controller are 36.87 W and 44.87 W during normal and partial shading condition respectively compared with P&O which only gave 8.404 W and 9.884 W. According to the results shows the proof that RBF controller is the optimum controller compared with P&O controller. For the future work this research can be apply on FPGA board, which the RBF controller algorithm can be load to the board for real application. 
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